OBJECTIVE: A randomized clinical study to compare the stress response to laparoscopic cholecystectomy during spinal-general anaesthesia and epiduralgeneral anaesthesia. METHODS: Women undergoing elective laparoscopic cholecystectomy were assigned to receive either spinal anaesthesia (SA group; n = 12) or epidural anaesthesia (EA group; n = 12), in addition to general anaesthesia. Plasma concentrations of cortisol, adrenocortico trophic hormone (ACTH), noradrenaline, adrenaline and total catecholamines were measured pre-and intraoperatively. RESULTS: Intraoperative cortisol, noradrenaline and total catecholamine levels were significantly lower in the SA group compared with the EA group. When pre-and intraoperative values were compared, the SA group showed a decrease in adrenaline, noradrenaline and total catecholamine levels, and the EA group showed an increase in ACTH and noradrenaline levels. CONCLUSIONS: The type of regional anaesthesia significantly affected the stress response: spinal anaesthesia produced a more favourable endocrine response than epidural anaesthesia. Spinal-general anaesthesia may reduce postoperative morbidity in laparoscopic cholecystectomy.
Introduction
Stress-induced changes in postoperative organ function may be associated with the development of perioperative complications. Modulation of the stress response to surgery could reduce postoperative morbidity 1 and be a key factor in improving outcome, shortening the length of the hospital stay as well as lowering the total cost of patient care. 2 Laparoscopic cholecystectomy has gained in popularity because the surgical incision required is small compared with that for open cholecystectomy, but surgical stress responses remain an important feature of the laparoscopic approach. 3 -6 Distension of the peritoneum and increased arterial carbon dioxide tension, due to absorption of carbon dioxide, can contribute to the stress P Calvo-Soto, A Martínez-Contreras, B Trujillo-Hernández et al.
Anaesthesia and stress response response during this procedure. 7 Laparoscopic cholecystectomy is normally performed under general anaesthesia, but regional techniques have been shown to attenuate the metabolic and endocrine responses. Although there is some knowledge about the modifying effect of epidural analgesic techniques on the endocrinemetabolic response to laparoscopic surgery, 8, 9 there are limited data on the influence of spinal anaesthesia, though its effects in gynaecological laparoscopy 10 and arthroplasty 11 have been reported. Use of a combined spinal-epidural technique without general anaesthesia has been reported, but was associated with paraesthesia, shoulder and abdominal discomfort, anxiety and hypotension. 12 Any anaesthetic technique involving needle insertion into the vertebral canal above the spinal cord termination level requires great caution and experience. 13 Although spinal-epidural anaesthesia provides benefits, a thorough understanding of associated cardiopulmonary changes and potential complications is necessary in order to maintain patient safety. 14 This randomized study compared the stress response during two different regional anaesthetic techniques combined with general anaesthesia for laparoscopic cholecystectomy: spinal-general anaesthesia and epidural-general anaesthesia. Patients with a history of allergy, spinal surgery, cardiovascular, metabolic or endocrine disturbances, and with previous or current use of medications known to affect sympathetic responses or hormonal secretion, were excluded from the study. Patients were divided into two groups by computer-generated random allocation, to receive spinal-general anaesthesia (SA group) or epidural thoracic-general anaesthesia (EA group). Neither the patient nor the investigator who analysed the results was aware of the type of anaesthetic that was administered.
Patients and methods

STUDY POPULATION
The study protocol was approved by the Ethics Committee of the General Family Medicine and Zone Hospital No. 1. All study participants provided written informed consent.
PREANAESTHESIA MEDICATION
After collection of a basal blood sample (see 'Analysis of stress response' section), a percutaneous central venous catheter was inserted into the antecubital fossa. All patients were given 15 ml/kg lactated Ringer's solution to prevent hypotension, together with 75 mg diclofenac, 50 mg ranitidine, 8 mg ondansetron and 50 µg/kg midazolam, intravenously, 45 min before anaesthetic induction. Routine noninvasive monitoring began before anaesthesia was initiated.
SPINAL ANAESTHESIA
Patients in the SA group were placed in the left lateral position and the subarachnoid space was identified using a routine midline approach at either the third or fourth lumbar space, with full aseptic precautions. A 27-gauge Whitacre point spinal needle (Becton Dickinson, Franklin Lakes, NJ, USA) was advanced until resistance from the dura mater was felt. Once a free flow of cerebrospinal fluid had confirmed correct placement, 12 -15 mg (2.4 -3.0 ml) of hyperbaric 0.5% bupivacaine mixed with 0.2 ml of 50 µg/ml fentanyl was injected spinally to obtain cephalad spread of adequate analgesia (defined as loss of sensation to pinprick) that included at least the fourth thoracic segment. 15 
EPIDURAL THORACIC ANAESTHESIA
Patients in the EA group were placed in the left lateral position and the epidural space was identified at the 11th thoracic interspace, with full aseptic precautions. A 16-gauge Tuohy needle (Becton Dickinson) was advanced to the epidural space using a routine midline approach; correct placement was confirmed using the loss of resistance to air method, and 10 ml of 7.5 mg/ml plain ropivacaine was injected. The epidural catheter was then threaded into place, the Tuohy needle was removed and the catheter was taped in position. The patient was then turned to the supine horizontal position and injected epidurally with 10 ml of 7.5 mg/ml plain ropivacaine mixed with 2 ml of 50 µg/ml fentanyl. Analgesia was considered to be adequate if loss of sensation to pinprick included at least the fourth thoracic segment. 15 
GENERAL ANAESTHESIA AND SURGICAL TECHNIQUE
After spinal or epidural anaesthesia, all patients received general anaesthesia according to the same protocol. Before induction of anaesthesia, patients received 1 mg/kg 1% lidocaine and 3 µg/kg fentanyl, and breathed 100% oxygen for 3 min. Anaesthesia was then induced with 5 mg/kg thiopental. Endotracheal intubation was facilitated with 0.1 mg/kg vecuronium, then patients were given 1 minimum alveolar concentration (MAC) of sevoflurane (end-tidal concentration 1 -2%) in a mixture of oxygen/air with an inspired oxygen fraction of 0.5. All patients were ventilated mechanically to give an end-tidal carbon dioxide level of 30 -35 mmHg. Lactated Ringer's solution was given intravenously at a constant rate of 10 -20 ml/kg per h, to maintain fluid balance.
Laparoscopic cholecystectomy was performed according to standard techniques. The intra-abdominal pressure was maintained at < 12 mmHg during pneumoperitoneum. Heart rate, noninvasive arterial blood pressure and pulse oximetry were measured intraoperatively using a DASH ® 4000 monitoring system (GE Healthcare, Milwaukee, WI, USA) every 5 min until extubation. Arterial hypotension was considered to be present when mean blood pressure fell by 30% from the basal value. 16 The total doses of fentanyl and vecuronium, and the required MAC of sevoflurane, were recorded for each patient.
ANALYSIS OF STRESS RESPONSE
Venous blood samples were collected peripherally from an antecubital vein contralateral to the intravenous infusion after 15 min rest in the admitting room (basal) and 30 min after surgery had begun (intraoperative). Samples were transferred to precooled tubes containing 2 mM ethylenediamine tetra-acetic acid and 50 µl of 50 µM glutathione solution before centrifugation at 5000 g at −4°C for 10 min. Plasma was then stored at −80°C until analysis. All samples from the same patient were analysed together, within 3 days of collection.
Cortisol, adrenocorticotrophic hormone (ACTH), noradrenaline, adrenaline and total catecholamine concentrations were quantified in each of the samples. Noradrenaline and adrenaline concentrations were measured using high-performance liquid chromatography and quantified by the electrochemicalcoulometric method (Coulochem 5100A HPLC-EC detector, ESA, Bedford, MA, USA). ACTH and cortisol were quantified using commercially available radioimmunoassay kits (DetectX ® ; Arbor Assays, Ann Arbor, MI, USA), according to the manufacturer's instructions.
Inter-and intra-assay coefficients of variation were 4.6 and 4.0% for noradrenaline, 4.2 and 4.0% for adrenaline, 4.6 and 2.5% for ACTH, and 6.5 and 2.6% for cortisol, respectively.
STATISTICAL ANALYSES
All data were expressed as mean ± SD. Blood pressure, heart rate, and oxygen and carbon dioxide saturation were compared using the Student's t-test or Mann-Whitney U-test for equal and different variances, respectively. Student's t-test or Wilcoxon signed-rank test were used for paired comparisons of equal and different variances, respectively. Percentages were compared using the χ 2 -test or the Fisher's exact test as appropriate. Statistical power was calculated according to the following formula: z 1-β = √n/2 d/S -z 1-α/2 In this formula, n is sample size, d is the minimum value of the difference to be detected between two means, and S is the variance in the control or reference group. A P-value < 0.05 was considered to be statistically significant. All statistical analyses were performed using SPSS ® software version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® .
Results
A total of 24 women undergoing elective laparoscopic cholecystectomy were recruited and randomized equally to the SA group (n = 12) or the EA group (n = 12). Both groups were comparable with respect to demographic characteristics ( Table 1) .
The anaesthetic requirements of both groups are given in Table 2 . The amounts of supplemental fentanyl and sevoflurane MAC were significantly lower in the SA group (P = 0.01 and P = 0.004, respectively) than in the EA group. Figures 1 and 2 show systolic and diastolic blood pressure, respectively, at key points during the surgical procedure. In the SA group, systolic blood pressure was significantly lower after placement in the Trendelenburg position and diastolic blood pressure was significantly lower after placement in the Trendelenburg There were no statistically significant differences in heart rate, oxygen saturation or end-tidal carbon dioxide between the SA and EA groups (data not shown). Cardiovascular changes were minimal: three patients in the SA group received ephedrine for hypotension, whereas no patient in the EA group developed hypotension. No anaesthetic or surgical complications occurred in any of the patients.
Mean pre-and intraoperative stress response hormone levels in the two groups are given in Table 3 . There was no difference in the plasma cortisol concentration between the two groups before surgery, but the intraoperative cortisol concentration in the EA group was significantly higher than that in the SA group (P < 0.05 Manip compared with preoperative levels in both groups, but this increase was only statistically significant in the EA group (P < 0.05). There were significant intraoperative decreases in plasma adrenaline, noradrenaline and total catecholamines compared with preoperative concentrations in the SA group (P < 0.05 for all comparisons; Table 3 ). In the EA group, intraoperative plasma noradrenaline concentrations were increased compared with preoperative levels (P < 0.05). Intraoperative noradrenaline and catecholamine concentrations were significantly lower in the SA group than in the EA group, despite comparable preoperative concentrations (P < 0.05).
Power calculations performed after completion of the study generated a statistical power of 83.09% and indicated that 36 was the minimum number of patients required to achieve a statistical power of 90%. There were large intergroup differences in the percentage of change in each variable (27 -78%), and a small intragroup variance (5 -11%).
Discussion
Despite being a less invasive procedure than open cholecystectomy, the surgical stress response remains an important feature of the laparoscopic approach. 3 -6 The incisions, tissue manipulation and pneumo peritoneum involved in laparoscopic cholecystectomy result in an intense stimulus to the nervous system, with a subsequent increase in catecholamine and corticosteroid requirements. 7 The present study found that the type of regional anaesthesia significantly affected the stress response during laparoscopic cholecystectomy.
There was no within-group change in the mean intraoperative cortisol concentration in the SA group in the present study, but there was a slight but nonsignificant increase in the EA group: a finding that is consistent with other reports. 7, 9, 11, 14, 17, 18 The increased ACTH levels in the EA group in the present study may be due to transitory immunosuppression induced by surgical stress, with supranormal activation of the ACTH-cortisol axis and loss of the normal pituitary-adrenocortical negative feedback mechanisms. 19 Another possible cause of the ACTH increase is the stimulating effect of cytokines (tumour necrosis factor-α and interleukin-6) on the hypothalamicpituitary-adrenal axis. 20 Adrenaline, noradrenaline and total catecholamine concentrations significantly decreased during surgery in the SA group in the present study, in accordance with the findings of another study. 14 Changes in circulating adrenaline levels reflect adrenal medulla activity, whereas changes in noradrenaline reflect sympathetic nervous system activity. A decrease in both catecholamines may, therefore, be due to complete blockage of the adrenal medulla innervation via the T6 -L2 spinal nerves, 21 and blockage of the thoracolumbar sympathetic nervous system by the high spinal anaesthesia. 14 Patients in the SA group required lower doses of opioid analgesics and halogenated anaesthetics than those in the EA group, in the present study. These results are consistent with those of Eldor, 22 who reported that the combination of regional and general anaesthesia allowed for the local anaesthesia dose to be reduced, avoiding the use of various intravenous drugs and moving toward achieving ideal anaesthesia. Other studies have demonstrated the advantages of the spinal anaesthetic technique, again reporting a decrease in local, inhaled and narcotic anaesthesia requirements. 23, 24 Patients in the SA group in the present study showed statistically and clinically • Received for publication 4 September 2011 • Accepted subject to revision 8 October 2011
• Revised accepted 14 March 2012 Copyright © 2012 Field House Publishing LLP significant decreases in blood pressure at key points related to important haemodynamic changes: after placement in the Trendelenburg position and during gallbladder manipulation. These decreases may be due to the phrenic and sympathetic efferent nerves being directly bathed by anaesthetics during spinal anaesthesia, leading to complete block with greater relaxation, less pain and less stress. 7 Arterial hypotension was only observed in three patients in the SA group. This indicates that preoperative administration of 15 ml/kg lactated Ringer's solution was sufficient to prevent the hypotension that can be secondary to sympathetic blockade in regional anaesthesia, particularly in spinal block. 25 This study was limited by its small size. Power calculations performed after study completion indicated that a minimum number of 36 patients was required, rather than the 24 who were studied. That this study generated statistically significant results may be explained by the large intergroup differences, the small intragroup variance and the quantitative nature of the parameters studied.
Further studies of the effects of different regional anaesthetic techniques on stress responses during the early and late postoperative periods are required. In addition, it is necessary to determine the relationship between the stimulating effects of tumour necrosis factor-α and interleukin-6 on ACTH hormone secretion, with the loss of normal pituitary-adrenocortical negative feedback mechanisms due to the transitory immunosuppression that is induced by surgical stress.
In conclusion, the present study showed that the type of regional anaesthesia significantly affected the stress response: spinal anaesthesia produced a more favourable endocrine response than epidural anaesthesia. This suggests that spinalgeneral anaesthesia may be associated with a lower rate of postoperative morbidity in laparoscopic cholecystectomy.
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